The TPA-inducible transcription factor AP-1, consisting of homo-or hetero-dimers of members of the Jun-and
INTRODUCTION
Transcription factor AP-1, consisting of homo-and heterodimers of members of the Jun and Fos families, mediates gene expression in response to serum, growth factors and phorbol esters through binding to the cis-active 12-O-tetradecanoyl-phorbol-13-acetate (TPA) response element (TRE) (reviewed in references [1] [2] [3] . The Jun-family presently consists of three members, indicated as c-Jun, Jun B and Jun D, which exhibit different expression patterns in response to external stimuli (4) (5) (6) . In addition, the individual Jun gene products have different transcription regulatory properties, with c-Jun and Jun B being a potent transactivator and transrepressor of the TRE, respectively (7) .
Undifferentiated embryonal carcinoma (EC) cells resemble the pluripotent stem cells of the inner cell mass of pre-implantation embryos (8, 9) . These cells can be induced to differentiate in vitro in response to chemical agents such as retinoic acid (RA) (10, 11) . c-Jun and jun B are differentially expressed during EC cell differentiation, while jun D is expressed constitutively at high levels. Both basal level expression and inducibility of c-jun are upregulated during RA-induced EC cell differentiation, whilejun B becomes inducible by extracellular stimuli upon differentiation (12) (13) (14) (15) .
A number of receptor protein tyrosine kinases are also differentially expressed in EC cells. The epidermal growth factor receptor (EGF-R) is absent in undifferentiated EC cells, while upon RA-induced differentiation EGF-R's can be detected within 3-5 days of RA treatment (16, 17) .
In order to study tyrosine kinase signaling in undifferentiated EC cells, we stably transfected the pluripotent P19 EC cell line (10) with an expression vector, containing the complete human EGF-R cDNA (18) . The plasmamembrane induced signals elicited by EGF (i.e. elevation of inositol-phospates concentration, intracellular free Ca2+-concentration and intracellular pH) in the hEGF-R expressing P19 EC cell line, P19 , are similar to the EGF induced responses in other EGF-R bearing cells (19) . However, only jun B is induced by EGF in the EGF receptor expressing P19 EC cells (18) , as opposed to most other EGF-R bearing cells, expressing multiple members of the fos-and junfamilies in response to EGF (5, (20) (21) (22) (23) .
In the present study, we investigate the mechanism ofjun B regulation in the hEGF-R expressing P19 EC cells. We show thatjun B-induction in response to EGF can be mimicked by the synergistic action of TPA and the calcium ionophore A23187 . Furthermore (10) were cultured in bicarbonate buffered DF-medium containing 7.5% fetal calf serum as described elsewhere (18, 24 Northern blotting analysis RNA was isolated, using a phenol extraction method (29) . Fifteen itg of total RNA was fractionated on a 0.8% formaldehydeagarose gel and subsequently transferred to nitrocellulose filters as described previously (30) . Hybridization of the Northern blots to 32P-labeled probes was performed as previously described (18) .
Transient transfections and CAT assays P19 EC and P19 8-39 cells were transfected, using a calcium phosphate precipitation method, as previously described (15) . Twenty-four hours after plating, the calcium-phosphate/DNA (10-20 ytg of plasmid DNA)-precipitate was added directly to the cell culture medium. Twenty-four hours later, the cells received fresh medium with or without EGF (50 ng/ml). Sixteen hours after stimulation the cells were harvested and the CATactivity was determined as described by Gorman et al. (31) . The results were quantitated and processed, using the Phosphorlmager and the ImageQuant software (Molecular Dynamics), respectively.
Cell labeling, lysis and immunoprecipitation Cells grown in 6 well plates were labeled with 35S-translabel (containing 35S-methionine and 35S-cysteine; ICN) (100 tiCi/ml) for 4 hours. Subsequent cell lysis under denaturing conditions and immunoprecipitation was done exactly as described by Kovary and Bravo (32) . The cells were lysed in 400 t l l denaturing buffer (50 mM Tris-HCl [pH 7.5]; 0.5% SDS; 70 mM 3-mercaptoethanol), boiled for 10 min. and then diluted with 1.6 ml RIPA buffer without SDS. After preclearance of the cell lysates with normal rabbit serum, the lysates were incubated with anti-Jun D antibodies (33) (kind gift of Dr. R.Bravo) for 1 hr on ice followed by 20 yl of protein A-Sepharose CL-4B (1:1 slurry) (Pharmacia) for 2 hr at 4°C with rotation. After extensive washing the protein A-Sepharose beads were resuspended in 50 1tl Laemmli sample buffer, boiled and fractionated on a 12.5% polyacrylamide gel.
RESULTS
Jun B-induction in response to EGF can be mimicked by TPA and A23187 It has been shown previously, that the immediate early response genes c-fos, c-jun, and jun B are induced in response to EGF in a variety of EGF-R bearing cells (5, (20) (21) (22) (23) . In P19 8-39 however, only jun B is induced in response to EGF as shown by Northern blotting analysis (18, Figure IA Functional Jun B protein is expressed in response to EGF Chiu et al. (7) have shown that Jun B is acting as a transrepressor for a single TRE, but is a transactivator of multimerized TRE's. c-Jun on the other hand is a potent transactivator of both single and multiple TRE's (7) . Since P19 8-39 cells express only jun B mRNA in response to EGF, we set out to identify functional Jun B protein, using its transrepressing and activating properties on single and multiple TRE's. Unfortunately, due to the toxicity of A23187 upon prolonged exposure (longer than 4hr), we could not perform these assays with wild type P19 EC cells stimulated with TPA and A23 187. Three reporter constructs, all containing the chloramphenicol-acetyl-transferase (CAT) reporter gene under transcriptional control of the HSV tk-promoter containing either no (tk), one (T1) or three (T3) copies of the collagenase TRE were used ( Figure 2A ). As shown in Figure 2B Transactivation of T1 and T3 is not altered by EGF in wild type P19 EC cells, due to the lack of EGF-Rs ( Figure 2C ). In P19 The construct tk contains no TRE-sequences, while TI and T3 contain one or three copies of the TRE from the human collagenase promoter, respectively, fused to the tk-promoter. (B) pSG5-based expression vectors for c-Jun, Jun B and Jun D were cotransfected with TI and T3 and subsequently the CAT-activity was determined as described in the materials and methods section. The total amount of transfected plasmid DNA was normalized by the addition of empty expression vector, pSG5. (C) Wild type P19 EC and transfected hEGF-R expressing P19 EC cells were transfected transiently with the three CAT-constructs as depicted in (A). After stimulation with EGF (50 ng/ml) for 16 hours the cells were harvested and the CAT-activity was determined. All CAT-assays, depicted in this figure, have been performed three to five times with similar results. The results were quantified, using the (38) .
The EGF-effect on jun B-mRNA expression was mapped on the jun B promoter and we could demonstrate that it is mediated by the IR, which is responsive to PKC-and PKA-signaling (28). Activation of PKC and PKA does not enhance binding of IRBP (IR binding protein) to the IR (28). Similarly, retardation assays, using double stranded IR-oligonucleotides revealed that EGF does not alter binding of the 110 kDa IRBP to the IR (data not shown). The mechanism, by which IRBP-activity is regulated remains to be determined. Possibly post-translational modification of IRBP by for instance phosphorylation or dephosphorylation leads to activation of IRBP and thus to upregulation of jun B mRNA expression (28).
Interestingly we found that co-transfection of expression vectors for antisense Jun D together with CAT-constructs containing the IR, fused to a heterologous promoter (tk) completely blocked both basal level activity and EGF-inducibility. The inability of antisense c-Jun constructs to block the IR-activity implicates that at least in P19 EC cells this activity is specific for Jun D. 
